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Disclosed herein are therapeutic methodologies utilizing a ring substituted derivative of the indolocarbazole K252a, the derivative 
represented by the formula (A). The compound is useful for treating peripheral neuropathies, central neuronal degeneration and cytokine 
overproduction. Typical diseases related to the above are peripheral neuropathy, Alzheimer's disease, Parkinson's disease and autoimmune 
and allergic conditions. 



:<WO 9749406A1 I > 



BNS Daae 1 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


* Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega) 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


CB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


UB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


- TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Ka.zak.il bj] 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


. Sweden 






EE 


Estonia 


LR 


Liberia ' 


SG 


Singapore 







WO 97/49406 PCT/US97/10898 



10 



15 



USE OF K-252A DERIVATIVE FOR THE TREATMENT OF PERIPHERAL OR CENTRAL NERVE 
DISORDERS. AND CYTOKINE OVERPRODUCTION 



Field of the Invention 

The invention relates tn a ring-substituted derivative of K-252a for use in methods directed 
to ameliorating the deleterious effects of a variety of diseases, disorders and conditions. 

Background of the Invention . 



I. The Indolocarbaxole K-252a 

20 K-252a is a compound having an indolocarbazole skeleton [Japanese Published 

Unexamined Patent Application No. 41489/85 (US No. 4555402)] with the stereochemistry shown 
in Formula I . 




I 

25 It has been reported thft K-252a strongly inhibits protein kinase C (PKC) which plays a 

central rote in regulating cell functions., and has various activities such as the action of inhibiting 
smooth muscle contraction (Jpn. J. Pharmacol. 43 (suppl.): 284 ? 1987), the action of iiuiibiting 
serotonin secretion (Biochem. Biophys. Res. Commun., 144: 35, 1987)^ the action of inhibiting 
elongation of neuraxonc (J. Neuroscience, 8: 715, 1988), the action of inhibiting mstarnine release 

30 (Allergy, 43: 100, 1988), the action of inhibiting smooth muscle MLCK (J. Biol. Chcm., 263: 
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6215, 1988) T anti-inflammatory action (Acta Physiol. Hung,, 80; 423, 1992), and the activity of 
cell survival (J. Neurochcrnistry, 64: 1502, 1995), It has also been disclosed in Experimental Cell 
Research, 193: 175-182, 199), that K-252a has the activity of inhibiting IL-2 production. 

In addition, it has been reported that derivatives of K-252a have PKC inhibitory activity, 
5 the activity of inhibiting histamine release (Japanese Published Unexamined Patent Application No. 
295588/88), antitumor activity 'Japanese Published Unexamined Patent Application No. 
168689/89 (US 4,877,776), WO 88/07045 (US 4,923.986), WO 94/04541], the action of 
increasing blood platelets [WO5»4/06799 (EP 630898A)], vasodepressor activity (Japanese 
^ Published Unexamined Patent Application No. 120388/87), the action of accelerating cholinergic 
10 neuron functions [WO 94/0248 * (US 5,461,146 and US 5,621,100)] and, curative effect on 

prostate cancer [WO 94/27982 (US 5,516,771)]. Selected amino -containing trindene compounds 
have been prepared by Beckmajtn rearrang emen t of the corresponding staurosporine oximes (WO 
97/05140). 

The indolocarbazoics are generally lypophilic. Because of this feature, the 
15 indolocarbazoles are able to cress biological membranes with relative ease, compared to proteins. 
Also, indolocarbazoles generally have longer in vivo half lives than proteins. 

In addition to K-252a itself! various derivatives of K-252a have been synthesized and 
tested for biological activity. Among the K-252a derivatives shown to have biological activity is a 
compound disclosed in Lewis et.al., U.S. Patent Nos. 5,461,146, and 5,621 r 100 ? and PCT 
20 Publication WO 94/02488, and designated therein as "Compound 11-5 1 Compound 11-5 1 has 

been shown to enhance the function of cholinergic neurons, striatal neurons, and sensory neurons . 

II. Neurodegenerative Diseases and Disorders 

Parkinson's disease is a neurodegenerative disorder that involves progressive and 
25 selective loss of dopaminergic neurons of the nigro-striatal pathway (Agid, Lancet: 337:1991). 
Administration of l-memyl^-phenyI-l,2,3,6-tetrahyaVopyricUne (MPTP) to mice leads to 
dopaminergic neuron degeneration and serves as an animal model for the doparninergic neuronal 
loss and behavioral deficits observed in Parkinson's disease. Peripheral ackriinistration of MPTP" 
leads to a highly selective degeneration of the nigrostriatal dopaminergic neuronal system in 
30 humans, monkeys and mice (Hcikkila et al„ Science 224; 1451-1453, 1984; Burns ct al., Proc. 
Natl. Acad. Set USA 80:4546-4550, 1983). 
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Neurodegeneration in the MPTP mouse model has been well -characterized. Systemic 
administration of MPTP produces selective loss of dopamine content (and metabolites), tyrosine 
hydroxylase activity, and dopanone uptake sites in dopaminergic neurons of the murine striatum 
(Hcikkila et al., Nature 31 1:467-469, 1984a,b; Tipton et al., J. Neurochem. 61:1 191-1206, 1993). 
5 This effect is dose-dependent. Maximal loss occurs between 3 and 7 days post-lesion (Jackson- 
Lewis ct al.,' Neurodegeneration 4:257-269, 1995). The dopaminergic cell bodies in the nigra are 
less sensitive to MPTP toxicity chan their corresponding nerve terminals. At high MPTP doses, or 
multiple MPTP injections, subs-antial loss of TH immunopositive cells in the substantia nigra 
> occurs within a week (Heikkfla zt al., Science 224; 1451-1453, 1984; Jackson-Lewis et al., 
10 Neurodegeneration 4:257-269, 1995). At lower MPTP doses, or with a single injection, loss of 
nigral tyrosine hydroxylase positive cells occurs later (Tatton ct al., J. Neuroscience. Res. 30:666- 
672, 1991). Thus, at lower doszs of MPTP and a short-time period after lesion, striatal damage 
can be observed in the absence of nigral tyrosixie hydroxy lasc-positivc cell loss. This 
neurodegenerative sequence is similar to that observed in the disease. The MPTP mouse model is a 
15 recognized and widely used model for the study of Parkinson s disease. 

Non-cholinergic neurons that use y-aminobutyric acid (GABA) as a neurotransmitter 
(i.e., GABA-ergic neurons) are widespread throughout the brain. For example, they are found in 
the nucleus basalis magnocellularis in the rodent (the equivalent region in the human brain is called 
nucleus basalis of Meynert), a region of the basal forcbrain important in attention and memory 
20 functions. Damage to GABA-e rgic neurons in the basal forebrain may also contribute to 

behavioral deficits in neurodegenerative diseases such as Alzheimer's disease (Dekkcr et al., 
Neurosci. and Biobehav. Rev., 15:299-317, 1991; Gallagher et al., Seminars in Neuroscience, 
6:351-358, 1994; Torres et al., Neuroscience, 63:95-122, 1994). 

Neurons in the basal forebrain die in several diseases of the central nervous system, 
25 notably Alzheimer's disease (Arendt et al.. Acta Neuropathol (BerL) 61:101-108, 1983; Iraizoz et 
al., Neuroscience^ 41:33-40, 1991; Vogels et al., Neurobiol Aging, 1 1:3-13, 1990). A 
contributing factor in such neuronal cell death is glutamate excitotoxicity, i.e. over-stimulation of 
neurons by excess glutamate (Choi, Neuron, 1:623-634, 1988). Accordingly, several animal 
models of Alzheimer's disease use glutamate or a glutamate analog to produce excitotoxic death in 
30 the region of the basal forebrain where neuron death occurs, i.e., the nucleus basalis 
magnocellularis (Wenk, Beh. train Res., 72:17-24, 1996). 

Neuronal pathology in Alzheimer's disease is first seen in the cntorhinal cortex, and 
loss of neurons in this region becomes severe as the disease progresses (Braak et al^Acta 
NeuropathoL 82:239-259, 195-1; Hyman et al., Ann. Neurol. 20:472-481, 1986). Neurons in layer 
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2 of the entorhinal cortex project to the dentate gyrus of the hippocampus, and this neuronal 
pathway plays an important role in memory formation (Lcvisohn et al., Brain Res. 564:230-244, 
1991; Olton et al., Brain Res, 1:19:295-308, 1978; Steward et al, Brain Res, Bull 2:41-48, 1977). 
Neurons in layer 2 of the entorhinal cortex, like many other neurons in the cerebral cortex, use 
glutarnate as a neurotransmitter (Mattson et al„ Neuron 1 :865-876, 1988; White et al., Nature 
270:356-357, 1977). Thus, losi.* of glutamatergic neurons in the entorhinal cortex contributes to 
the behavioral deficits seen in Alzheimer's disease and other neurological disorders. 

III. Peripheral Neuropathy 

Peripheral neuropathy ijenerally refers to a disorder that affects the peripheral nerves, most 
often manifested as one or a combination of motor, sensory, sensorimotor, or autonomic neural 
dysfunction. The wide variety of morphologies exhibited by peripheral neuropathies can each be 
uniquely attributed to an equally wide variety of causes. For instance, peripheral neuropathies can 
be genetically acquired, can res- alt from a systemic disease, or can be induced by a toxic agent. 
Some toxic agents that cause nt urotoxicities are therapeutic drugs, antineoplastic agents, 
contaminants in foods or medic i rials, and environmental and industrial pollutants. 

In particular, chemotherapeutic agents known to cause sensory and/or motor neuropathies 
include vincristine, an antineoplastic drug used to treat haematological malignancies and sarcomas. 
The neurotoxicity is dose-related, and exhibits as reduced intestinal motility and peripheral 
neuropathy, cxpccially in the distal muscles of the hands and feet, postural hypotension, and atony 
of the urinary bladder. Similar problems have been documented with taxol and cisplatin (MolLman, 

1990, New Eng. Jour. Med. 322:126-127), although cispJatin-rclated neurotoxicity can be 
alleviated with nerve growth factor ( NGF) (Apfel, et al., 1992, Annals of Neurology 3 1 :76-80). 
Although the neurotoxicity is sometimes reversible after removal of the neurotoxic agent, recovery 

can be a very slow process ( L*:gha, 1986, Medical Toxicology 1:421-427; Olesen, et al., 1991, 

Drug Safety 6:302-314). 

There are a number of inherited peripheral neuropathies, including: Rcfsum's disease, A- 

betalipoproteinemia. Tangier disease, Krabbc's disease, Metachromatic leukodystrophy, Fabry's 

disease, Dejerinc-Sottas syndrome, and others Of all the inherited neuropathies, the most common 

by far is Charcot-Marie -Tooth disease (see also, U.S. Patent No. 5,420,112 for additional 

information on peripheral neuropathies) . 



WO 97/49406 



PCT/US97/10898 



IV. Cytokines 

Tumor necrosis factor cl (TNF-gl) and intcrlcukin-ip (IL-lp) are polypeptides known 
to be involved in a number of inflammatory and metabolic processes in vivo. For a review which 
relates the role of TNF-ct in inflammatory diseases y including septic shock, see Ann. Rev. 
Immunol 7:625 (1980) , and Chnical Trials jar the Treatment of Sepsis y Sibbald, W. J. and 
Vincent. J.-L (Eds.), Springer- Veriag Berlin Heidelberg 1995. It is generally accepted that the 
over production or inappropriate production of TNF-cc is involved in several pathological 
conditions, including septic shook (Spooner et al,, Clinical Immunology and Immunoparhology, 
62:p. SI 1 (1992)) and various other allergic and inflammatory conditions or diseases, including but 
not limited to rheumatoid aithri'is, osteoarthritis, asthma, bronchitis, chrome obstructive airway 
disease, psoriasis, allergic rhiniiis, dermatitis, and inflarnrnatory bowel disease, and other 
autoimmune diseases. Immunol Res. 10: 122 (1991), Science 229:896 (1985) and Proc. Natl. 
Acad. £cr.89:7375 (1992). 

Summary of the Invention 

Generally, the inveation features methodologies for ameliorating the deleterious effects 
of a variety of diseases, disorders and conditions by treating a subject in need thereof with a 
therapeutically effective amount of Compound A. 

More specifically, the invention features a method for treating the deleterious effects of 
diseases, disorders and conditiens which lead to or cause the death of, or lead to or cause inhibition 
of the function of, certain neurons by enhancing the function or survival of a dopaminergic, 4 
GAB A-ergic, or ghitarnatcrgic neuron in a mammal, comprising the step of contacting the neuron ;i 
with Compound A Typically, the mammal in which the neuron is found is a human. Typically, •■>■ 
the dopaminergic, GAB A-ergic, or glutamatergic neuron contacted with Compound A has impaired 
function, or is at risk of dying, because of a neurodegenerative disease. Typically, the 
neurodegenerative disease is Pzixkinsons disease or Alzheimer's disease. 

More specifically, the .nvention also features a method of reducing a peripheral neuropathy 
comprising admuiistering to a mammal a neuropathy-reducing amount of Compound A. 
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While it has been reported that the indolocarbazole compound K-252a reduces the lethality 
resulting from endotoxin administration, this ability has been ascribed to the ability of 
K-252a to inhibit protein kinases, cspeciaiy protein kinase C (Inaba et al., Jpn. J. Surg 23:234 
(1993). It has unexpectedly been found that Compound A, which has little or no inhibitory 
activity against PKC, provides surprisingly good activity as an inhibitor of TNF-<x production and 
production of the cytokine IL-ip. Therefore, and with further specificity, the invention also 
features a method of inhibiting production of TNF-a and EL-lp in a mammal and a method of 
treating or alleviating inflaxnznarxsry conditions or diseases, including but not limited to septic 
shock, rheumatoid arthritis, ostiioarthnus, asthma, bronchitis, chronic obstructive airway disease, 
psoriasis, allergic rhinitis, dermatitis, and inflammatory bowel disease and other autoimmune 
diseases, which method comprii.es administering to said mammal an effective amount of 
Compound A and pharmaceutic ally acceptable salts thereof in combination with a 
pharmaccutically acceptable carrier. 

As used herein, "Compound A" means the compound whose chemical structure is shown 

below. 

H 



i 




CO2CH3 

Compound A is also referred tc» as Compound H-51 ( Lewis et al., U.S. Patent Nos . 5,461,146 and 

5,621,100; WO 94/02488). 

As used herein, "ameliorate" and "ameliorating* 1 mean to therapeutically improve 

and/or therapeutically reduce and/or to make more therapeutically tolerable. 

As used herein, "dsleterious ,? means damaging and/or harmful and/or negative 
As used herein, the word "overproduction" when used to modify TNF-cl and IL-ip 

means production of TNF-a. aad/or EL-ip leading to deleterious conditions such as, for example, 

septic shock, allergic conditions, inflammatory conditions, etc. 
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As used herein, the terms '"inhibit" or "inhibiting" means that the presence of 
Compound A has a comparatively greater effect on reducing and/or prohibiting and/or preventing 
the production of a material contacted with Compound A than a comparative material not 
contacted with Compound A. 
5 As used herein, the terms "enhance" or "enhancing" when used to modify the terms 

"function" or "survival" means that the presence of Compound A has a comparatively greater 
effect on the function and/or suiviyal of the specified neuron than a comparative neuron not 
presented with Compound A. For example, and not by way ot limitation, with respect, to the 
survival of, e.g., a dopaminergic: neuron, Compound A would evidence enhancement of the function 
10 of a dopaminergic neuronal population at risk of dying (due to, e.g., injury, a disease condition, a 
degenerative condition or naturnl progression) when compared to a dopaminergic neuronal 
population not presented with Compound A, if the treated population has a comparatively greater 
period of functionality than the non-treated population. 

As used herein, "dopaminergic neuron" means a neuron that uses dopamine as a 
15 neurotransmitter. 

As used herein, "G.\BA-ergic neuron" means a neuron that uses Y-aminobutync acid 
as a neurotransmitter 

As used herein, ,1 gl utamatergic neuron" means a neuron that uses glutarnate as a 

neurotransmitter. 

20 As used herein, "nbm" means nucleus basalis magnocellularis 

Unless otherwise difined, all technical and scientific terms used heretn have the same 
meaning as commonly understood by one of ordinary skill in the an to which this invention 
pertains. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention, the preferred methods and materials are 

25 described below. All publications, patent applications, patents, and other references mentioned 
herein are incorporated by refejence in their entirety. In case of conflict, the present document, 
including definitions, will control. Unless otherwise indicated, materials, methods, and examples 
described herein arc illustrative only and not intended to be limiting. Various features and 
advantages of the invention will be apparent from the following detailed description and from the 

30 claims. 
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Brief Description of the Drawings 

Fig. 1 is a graph of data demonstrating that Compound A is not a monoamine oxidase- 
A inhibitor. The IC 50 of Clorgylinc was 21 nm. Upright triangles, Clorgyline; inverted triangles. 
Compound A; squares, L-deprenyl. 

Fig. 2 is a graph of data demonstrating that Compound A is not a monoamine oxidase- 
B inhibitor. The 1C 50 of Clorgylinc was 21 ran. Upright triangles, Clorgyline; inverted triangles. 
Compound A; squares, L-dcprenyl. 

Fig. 3 is a bar graph showing that animals receiving Compound A (light bars) had 
significantly more Fluoro-Gold- labeled neurons in the rostral portion of the lesioned nbm (over 400 
urn from the midpoint of the lesion), compared to lesioned animals receiving vehicle only (dark 
bars). *=P<0.05 by Newman-Keuls test. 

Fig. 4 is a bar graph showing the total number of errors committed in the T-maze 
rewarded alternation task by normal control animals, sham surgery animals, surgically-lesioncd 
animals receiving vehicle only ("Lcs") and surgically-lesioned animals receiving Compound A at a 
dose of 0.1 mg/kg q.o d. ("0. 1"). Numbers of animals in each group are shown in parentheses. 
*=p<0 05 compared to ShanvTI^-^O.Ol compared to Les, by Newman-Keuls tests.. 

Fig, 5 shows the eifect of Compound A on acryiamide-induccd peripheral neuropathy. 

Detailed Description 

Generally, the invention features methodologies for ameliorating the deleterious effects 
of a variety of diseases, disorders and conditions by treating a subject in need thereof with a 
therapeutically effective amoun t of Compound A . ^ 

This invention provides a method for treating the deleterious effects of diseases, 
disorders and conditions which negatively affect the function and/or survival of neurons at risk of 
dying due to such diseases and disorders by enhancing the function or survival of specific types of 
neurons of the mammalian ceroral nervous system. More particularly, the invention provides a 
method for enhancing the fund ion or survival of dopaminergic neurons, GABA-crgic neurons, and 
glutarnatergic neurons in a mammal by administering to the mammal Compound A, a ring- 
substituted K-252a derivative **dth the following chemical structure; 
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Compound A 

5 Dopaminergic neurons, GABA-ergic neurons, and glutamatcrgic neurons are 

widespread in the mammalian central nervous system. Each of These three neuronal cell types 
suffers impaired function, or even death, in one or more neurodegenerative diseases of the central 
nervous system. Parkinson's disease involves progressive loss of dopaminergic neurons of the 
nigrostriatal pathway. Alzheimer's disease involves the death of various types of neurons^ 

10 including GABA-ergic neurons in the nucleus basalis of Meynert of the basal forebnun. 
Alzheimer's disease also involves death of glutamatcrgic neurons in the cntorhinal cortex. 

One method of treating Parkinson's disease or Alzheimer's disease is to administer a 
compound that enhances the function or survival of dopaminergic neurons, GABA-ergic neurons, 
or glutamatcrgic neurons. Compound A is pharmacologically active in biological assays and in 

15 vivo models for enhanced function or survival of doparriinergic neurons, GABA-ergic neurons, and 
glutamatcrgic neurons. Therefore, the present invention has utility for treating Parkinson's disease 
or Alzheimer's disease. The invention, however, is not limited to the treatment of those diseases 
The use of Compound A to enfc ance the function or survival of dopaminergic neurons, GABA-ergic 
neurons, or glutamatcrgic neurons whose irnpaired function or risk of dying results from causes 

20 other than Parkinson's disease or Al^eimer's disease is also within the scope of the present 
invention. 

This invention also features a method of reducing a peripheral neuropathy. The method 
involves administering a neurooathy-reducing amount of Compound A to a rnamrnal. In various 
preferred embodiments, the marnrnzu is a human, or an agricultural or domestic rnamrnal that 
25 develops a neuropathy, e.g., as a result of treatment of a neoplasm with a chemotherapeutic agent. 
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Compound A can be administered in a manner deemed effective by one skilled in the art; a 
preferred mode of administration is subcutaneous injection. 

As used herein, "periphsral neuropathy" refers to a disorder affecting a segment of the 
peripheral nervous system. The invention involves using Compound A to reduce a neurotoxicity, 
including, but not limited to, distal sensorimotor neuropathy, or autonomic neuropathies such as 
reduced motility of the gastrointestinal tract or atony of the urinary bladder. 

Preferred neuropathies iiat can be effectively treated with Compound A include 
neuropathies associated with systemic disease, e.g., post-polio syndrome; genetically acquired 
neuropathies, e.g., Charcot-Maiie-Tooth disease; and neuropathies caused by a toxic agent, e.g., 
acryiarnide, or a chemotherapeutic agent, e.g., vincristine. 

Where Compound A is used to treat a neuropathy induced by a toxic agent, it can be 
administered before, simultaneously with, or after exposure to the toxic agent, or before, during or 
after administration of a chemotherapeutic. Preferably. Compound A and the chemotherapeutic 
agent arc each administered at effective time intervals, during an overlapping period of treatment. 
Compound A can be administered to the mammal following exposure to the neurotoxic agent, or 
following chemotherapy, to restore at least a portion of the ncurofunction destroyed by the 
neurotoxic agent or chemotherapeutic. The chemotherapeutic can be any chemotherapeutic agent 
that causes neurotoxicity, such as vincristine, taxol 7 dideoxyinosine, or cisplatin. 

By t4 toxic agent" or * neurotoxic agent," is meant a substance that through its chemical 
action injures, impairs, or inhibits the activity of a component of the nervous system. The list of 
neurotoxic agents that cause neuropathies is lengthy, and includes, but is not limited to : neoplastic 
agents such as vincristine, vinblastine, cisplatin, taxoi, or dideoxy-compounds, e.g., 
didcoxyinosine; alcohol; metals; industrial toxins involved in occupational or environmental 
exposure; contaminants of fooc or medicinals; or over-doses of vitamins or therapeutic drugs, e.g., 
antibiotics such as penicillan or chloramphenicol, or megadoses of vitamins A, D, or B6. An 
extensive, although not complete, list of chemical compounds with neurotoxic side-effects is found 
in Tabic 1 . Although this list p rovides examples of neurotoxic compounds, it is intended to 
exemplify, not limit, the scope af the invention. Other toxic agents can cause neuropathies, and 
can be characterized by methods known to one skilled in the art. By "exposure to a toxic agent*' is 
meant that the toxic agent is made available to, or comes into contact with, a mammal of the 
invention. Exposure to a toxic agent can occur by direct administration, e.g., by ingestion or 
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administration of a food, medicinal, or therapeutic agent, e.g., a chernotberapeutic agent, by 
accidental contamination, or by environmental exposure, e.g., aerial or aqueous exposure. 

Despite the widely disparate morphologies and causes attributed to peripheral 
neuropathies in vivo, applicants have hypothesized that Compound A can be an effective means of 
5 preventing or treating such neuropathies in a mamma]. 
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TABLE 1 



AGENTS THAT CAUSE PERIPHERAL NEUROPATHY 



AGENT 


ACTIVITY 


AGENT 


ACTIVITY 


acotazolamide 


diuretic 


imipramine 


antidepressant 


acrylamide 


fioccuUmt, grouting 
agent 


indomethacin 


anti-inf lam matory 


adriamycin 


antineoplastic 


inorganic lead 


toxic metal in paint, etc. 


Blcohol (ethanoJ) 


solvent, recreational 
drug 


tsonrazid 


antituberculous 


elmitrine 


respitaiory stimulant 


lithium 


antidepressant 


amiodarone 


antiarrhythmic 


methyl mercury 


industrial waste 


amphotericin 


antimicrobial 


metformin - 


antidiabetic 


arsenic 


herbicide, insecticide 


methylhydrazine 


synthetic intermediate 


aurothiogtucose 


antirhejmatic 


metronidazole 


antiprotozoal 


barbiturates 


anticonvulsant, sedative 


mlsonidazole 


radiosensittzer 


buctthom 


toxic bnrry 


nitrofurantoin 


urinary antiseptic 


carbamates 


insecticide 


nitrogen mustard 


antineoplastic, nerve 
gas 


carbon disulfide <CS 2 ) 


industral 


nitrous oxide 


anesthetic 


chloramphenicol 


antibacterial 


org ano phosphates 


insecticides 


chtoroquine 


antimalarial 


ospolot 


anticonvulsant 


cholestyramine 


antihyp eriipoproteinemic 


penicillin 


antibacterial 


cisplatin 


antineoplastic 


perhexiltne 


antiarrhythmic 


cltoquinol 


amebiude, antibacterial 


perhexiline maieate 


antiarrhythmic 


colestipol 


anti hyperlipoproteinemia 


phenytoin 


anticonvulsant 


colchicine 


gout suppressant 


platinum 


drug component 


colistin 


antimicrobial 


primidone 


anticonvulsant 


cycloserine 


antibacterial 


procarbazine 


antineoplastic 


cytarabine 


antineoplastic 


pyridoxine 


vitamin B6 


dapsone 


dermal ologic including 
leprosy 


sodium cyanate 


anti-sicWing 


dldeoxyeytidine 


antineoplastic 


streptomycin 


antimicrobial 


dideoxyinosine 


antineoplastic 


sulpho nam ides 


antimicrobial 


dideoxythymidine 


antivim! 


suramin 


antineoplastic 


disulfiram 


antiatcohol 


tamoxifen 


antineoplastic 


doxorubicin 


antineoplastic 


taxol 


antineoplastic 


ethambutol 


antibairterial 


thalidomide 


antileprous 


ethionamide 


antiba iiterial 


thallium 


rat poison 


glutethimlde 


sedative, hypnotic 


triamterene 


diuretic 


gold 


antirheumatic 


trlmethyltin 


toxic metal 


hexa carbons 


solvents 


L-tryptophBn 


health food additive 


hormonal 
contraceptives 




vincristine 


antineoplastic 


hexamethylotmetamine 


fireproofing, 
crease proofing 


vinblastine 


antineoplastic 


hydralazine 


antihypertensive 


vindesine 


antineoplastic 


hydroxychloroq uine 


antirheumatic 


vitamin A 


mega doses 






vitamin D 


mega doses 
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Compound A has also been demonstrated to inhibit production of the cytokine TNF-a, 
despite having little or no inhibhory activity against PKC Compound A also inhibits the 
production of the cytokine IL-l|i. The production of TNF-a is associated with a variety of 
diseases and disorders such that the inhibition thereof via use of Compound A can beneficially 
provide value to a subject in nexui of such inhibition of TNF-a. production. 

Accordingly, Compound A can also be utilized to inhibit production of TNF-cl in a 
mammal and/or a method of treiting or alleviating inflammatory conditions or disease, including 
but not limited to septic shock, ::heumatoid arthritis, osteoarthritis, asthma, bronchitis, chronic 
obstructive airway disease, psoriasis, allergic rhinitis, dermatitis, and inflammatory bowel disease, 
and other autoimmune diseases which method comprises administering to said mammal a 
therapeutically effective amoun : of Compound A. 

For use in the prestmt invention, Compound A can be formulated into a 
pharmaceutical composition by admixture with pharmaceuticalJy acceptable nontoxic excipients 
and carriers. Such a composition can be prepared for administration by any of various routes. 
15 Routes of adniinistraTion and preferred dosage forms include the following: parenteral, preferably 
in the form of liquid solutions or suspensions; oral, preferably in the form of tablets or capsules; 
intranasal, preferably particularly in the form of powders, nasal drop S! or aerosols; and dermal, 
via, for example, trans-dermal patches. ^ 

Composition A can be conveniently administered in unit dosage form and may be 
20 prepared by any of the methods well known in the priannaceutical art, for example, as described in 
/?emm^ 0 n'5 ^rmaceuf;^/ ^/ww (Mack Pub. Co., Eastom PA. 1980), Formulations for 
parenteral administration may contain as common excipients sterile water or saline, polyalkylene 4 
glycols such as polyethylene gl ycol, oils and vegetable origin, hydrogenated naphthalenes and tfae^ 
like. In particular, biocompatible, biodegradable lactidc polymer, lactideyglycolide copolymer, or 1 ' 
25 polyoxyethylenc-polyoxypropylene copolymers may be useful excipients to control the release of 
the active compounds. Other potentially useful parenteral delivery systems for Compound A 
include ethylene-vinyl acetate copolymer particles, osmotic pumps, implantable infusion systems, 
and liposomes. Formulations for inhalation administration contain as excipients, for example, 
lactose, or may be aqueous solutions containing, for example, lactose, or may be aqueous solutions 
30 containing, for example, polyo;<ycthylcnc-9-lauryl ether, glycocholate and deoxycholatc. or oily 
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solutions for administration in the form of nasal drops, or as a gel to be applied intranasally. 

Formulations for parenteral administration may also include glycocholate for buccal 

administration, a salicylate for rectal administration, or citric acid for vaginal administration. 

Formulations for trans-dermal patches arc preferably lipophilic emulsions. 
5 Compound A can be employed as the sole active ingredient in a pharmaceutical 

composition. Alternatively, it can be used in combination with other active ingredients, e.g., 

growth factors that facilitate neirona] survival or agonal regeneration in diseases or disorders. 
The concentration of Compound A used in the practice of this invention in a 

therapeutic composition can vaiy. The concentration will depend upon factors such as the total 
10 dosage of the drug to be administered and the route of administration. Compound A typically 

would be provided in an aqueot.s physiological buffer solution containing about 0.1 to 1 0% w/v for 

parenteral administration. Typ:cal dose ranges arc from about 1 u.g/kg to about 1 g/kg of body 

weight per day; a preferred dos»; range is from about 0.01 mg/kg to 100 mg/kg of body weight per 

day. A preferred dosage of Compound A to be administered is likely to depend on variables such 
15 as the type and extent of progression of the disease or disorder, the overall health status of the 

particular patient, the relative efficacy of Compound A for the particular disease or disorder 

treated, the particular formulation used, and its route of administration. 

Compound A for use in the present invention is preferably obtained according to the 

methods described in Lewis et al., U.S. Patent No. 5,461,146. 
20 The present invent on will be further illustrated by the following examples. These 

examples are not to be construed as limiting the scope of the invention, nor the scope of the claims 

appended hereto. 
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EXAMPLES 

Example 1 

Pharmacological Activity on Dopaminergic Neurons 

5 Experiments were conducted using Compound A in MPTP -lesioned dopaminergic 

neurons in mice (MFTP mouse model)- A single s.c. dose of MPTP (20 mg/kg) provided to C57 
black mice produced approximately 60% loss of striatal tyrosine hydroxylase activity. 
Administration of Compound A, at daily doses ranging from 0.01 to 10 mg/kg (s.c.), to such 
MPTP-treated mice reduced the: loss of striatal tyrosine hydroxylase activity. These data are 
10 shown in Table 2. 



Table 2 

Striatal Tyrosine Hydroxylase (TH) Activity 
in Low-Dose MPTP-Treated Mice* 



Treatment 


Striatal TH 
Activity 
(+ SEM) 


% of | 
Unlesioned | 
Control 


Unlesioned 


19.06 ±1.06 


100+5.6 


MPTP-Lesioned 


7.40+1.67 


39 ± 5.6 


MPTP Lesioned (Vehicle) 


6.99 ± 0.75 


37 + 4.0 


MPTP Lesioned + Cmpd A 






(0.01 mg/kg) 


7.76+1.23 


41 ± 5.3 


(0.03 mg/kg) 
(0.10 mg/kg) 


10.48 + 0.92* 
11.51 ±0.80* 


55 + 3.9 
60 + 6.5* 


(0.30 mg/kg) 


1 1.89 ± 1.34* 


62 + 5.0* 


(1.0 mg/kg) 


10.39+ 1.39* 


54+7.0* 
51 +5.8 


1 (3.0 mg/kg) 


9.66 ±1.10 


1 (lO.Dmg/kg) 


9.77 + 0.70 


51 +3.7 



* Average of three dose - response experiments. 
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Mice were treated with MPTP (20 mg/kg; s.c.) 4-6 hrs after the first Compound A 
injection. Compound A was thi:n injected every day until the end of the experiment, which was 7 
days in duration. Striata were zissessed for tyrosine hydroxylase enzyme activity. Asterisk 
indicates statistically significani: difference (p < 0,05) from MPTP- Vehicle treated animals. 

In a separate experiment, the activities of Compound A were assessed in a high dose 
MPTP -mouse model. A single 40 mg/kg injection of MPTP produced a 95% depletion in striatal 
tyrosine hydroxylase enzyme activity 7 days post-injection. Adrninistration of Compound A at 
daily doses of between 0.03 and 3 .0 mg/kg reduced the magnitude of the lesion, in a dose 
dependent manner. These data are shown in Table 3 . 



Table 3 

Striatal Tyrosine Hydroxylase (TH) Activity 
in High-Dose MPTP-Treated Mice" 





Striatal TH 






Activity 


Unlesioned 


Treatment 


(+ SEM) 


Control 


Unlestoned 


23.1 +1.6 


100 + 7.0 


MPTP-Lesioned " (Vehicle) 


1.6 + 0.6 


7 + 3,0 


MPTP-Lesioned + Crnpd A 






(0.03 mg/kg) 


1.8 + 0.6 


8 + 2.5 


(0.3 mg/kg) 


2.7 ± 0.6 


12 ±2.5 


(3.0 mg/kg) 


5.3 + 1.8* 


23 + 8.0* 



* Data are from a single experiment. 



Mice were treated with MPTP (40 rng/kg; s.c.) 4-6 hrs after the first Compound A 
injection. Compound A was then injected every day until the end of the experiment which was 7 
days in duration. Striata were assessed for tyrosine hydroxylase enzyme activity. Asterisk 
indicates statistically significant difference (p < 0.05) from MPTP -Vehicle treated animals. 

MPTP-medialed dopaminergic toxicity is dependent on MAO mediated conversion of 
MPTP to MPP + (l-metoyl-4-phenylpyridiniurn ion) and uptake of MPP* into dopaminergic 
neurons. Compounds found to be active in the MPTP-mouse model should be determined not to be 
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inhibitors of MAO or dopamine uptake. Compound A has been found nor to inhibit monoamine 
oxidase A or B in vitro (Figure! 1 and 2) or block uptake of catecholamines into nerve endings, 
indicating that this compound daes not prevent the metabolic conversion of MP TP to MPP* or 
inhibit the active uptake of MP1 >+ into dopaminergic neurons. 
5 These data demonstrating efficacy of Compound A in the MPTP -mouse dopaminergic 

lesion model indicate utility of Compound A in the treatment of neurodegenerative disorders such 
as Parkinson's disease. 

Example 2 

10 Pharmacological Activity on GAB A-creic Neurons 

Compound A was Tested for its ability to prevent depletion (e.g„ enhance the survival) 
of GABA-CTgic neurons in the nucleus basaiis magnocellularis, using the well-established ibotcnic 
acid lesion model. Iboteni.c acii L, an excitotoxin, is known to reduce numbers of GABA-cxprcssing 
neurons in the nbm region (Lindefors et al_ 7 Neurbsct Lett, 135:262-264. 1992; Shangnessy et al., 

15 Brain Res., 637:15-26, 1994); 

Adult male Sprague-Dawiey rats received injections of ibotenic acid (5.0' g) into the 
nbm unilaterally. The rats wen: then dosed with Compound A (0.03mg/kg) via subcutaneous 
injection beginning 18 hours afiarr the lesion, and continuing q.o.d. until 18 days post-lesion. 
Tissue sections were then collei:ted throughout thie rostral-caudal extent of the nbm, and processed 

20 to detect glutamic acid decarboxylase^ an enzyme required for biosynthesis of GAB A. The 

numbers of neurons expressing glutamic acid decarboxylase were then counted throughout the 
rostral -caudal extent of the nucleus basaiis magnoccllulans, in a region where glutamic acid 
decarboxylase-exprcssing neumns of the nbm are easily distinguished from glutamic acid 
decarboxylase-cxprcssmg neurons in adjacent structures (white matter media) and ventral to the 

25 globus pallidus). The results were expressed as percent glutamic acid decarboxylase-expressing 
neurons on the lesioned side relative to the number on the opposite, unlesioncd side. The results 
were also calculated separately for the rostral nbm, mid-nbm, and caudal nbm. 

A mean of 78 (± 1 b s.u.m.) percent glutamic acid decarboxylase neurons were counted 
in the rostral nbm of animals receiving Compound A, compared to 34 (± 19 s.e.m.) percent in 

30 animals receiving vehicle only, a statistically significant difference by t test (p < 0.05). No 



BNSDOCID: <WO 974-9406A1 I > 



RN5; nanp 1 



WO 97/49406 



PCT/US97/10898 



statistically significant differences between Compound A-treated animals and vehicle-only (control) 
animals were seen in mid-nbm c»r caudal nbm. 

These results demonstrate that Compound A can protect against a GABA-ergic neuron 
loss that results from an excitotoxic lesion, and thus has a neurotrophic effect on that neuronal 
population. 

Example 3 

Pharmacological Activity on nbm Neurons 

To test directly the ability of Compound A to prevent excitotoxic neuron death, nbm 
neurons in adult male Sprague- '3awley rats were first labeled with a long-lasting marker. This was 
done by injecting Fluoro-Gold (FG), a neuronal tracer that is taken up by nerve terminals and 
transported back to the cell body (Book et al_, J. Neuropath, Exp. Neurology, 53:95-102, 1994), 
into target regions of nbm neurons in the frontal and parietal cortex. 7-10 days later the animals 
received lesions of the nbm unilaterally, using 5 ^tg of ibotenic acid. Beginning 1 8 hours after this 
lesion, the animals received Compound A (0.03mg/kg) via subcutaneous injection, every other day 
until 18 days post-lesion. Tissue sections were collected throughout the entire rostral-caudal extent 
of the nbm on both sides of the branx, and numbers of nbm neurons with the FG label were 
counted. The counts were comu^tcd for size differences using standard procedures, and the results 
expressed as the percent of labeled neurons in th&nbm on the lesioned side of each animal relative 
to the number of labeled neurors in the nbm on the opposite unlcsioncd side of the brain. 

Animals receiving compound A had significantly more FG-iabclcd neurons in the 
rostral portion of the lesioned nbm (over 400 um from the mid-point of the lesion), compared to 
lesioned animals receiving vehicle only (Figure 3). At mid-lesion and caudal to the lesion 
Compound A had a declining ej feci. 

These results demonstrate directly that Compound A can prevent the loss of pre- 
labeled neurons in the nbm that results from excitotoxic damage. 
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Example 4 

Long-Lasting Functional Improvement Upon Short Term Posing with Compound A 

Adult male Sprague-Dawley rats wore first trained to alternate responses in a standard 
rewardcd-altcrnation T-mazc task (Hcpler ct ah, i: NeuroscL* 5,866-873, 1985). The animals then 
5 received bilateral lesions of the nucleus basalis mkgnocellularis, to impair performance in T-inaze 
tasks (e.g., Salamone et al., Berav. Brain Res.^ 1^:63-70, 1984). Beginning 18 hours after the 
lesion, the animals received Compound A via subcutaneous injection (0. 1 mg/kg) every other day 
until 12 days post-lesion. Twenty-four hours following the last injection all animals were placed in 
the T-mazc once a day, until th«;ir alternation performance reached pre-opcrative levels, which took 

10 anywhere from 3 to 1 0 days. After reaching criterion, the animals were not further tested for 8-1 0 
weeks At that point the animals were again placed in the T-maze, once a day until they reached 
prc-operative performance. Tht: total number of Errors the animals committed during this test is 
shown in Figure 4. The lesionei animals receiving vehicle only committed significantly more 
errors t^fl" either unopcrated normals or sham-operates, while lesioned animals that received 

15 Compound A 10-12 weeks previously were not Afferent from normals. 

These results demonstrate that Compound A produces a chronic improvement in a 
behavior reflective of an improvement in attention or memory several months after dosing has 
ceased. 

20 Example 5 

Efficiency of Compound A in Entorhinal Cortex Leaion Model 

Glutamate-contairung neurons in layfcr 2 of the entorhinal cortex project to the 
molecular layer of the dentate gyrus, where they form synapses on the dendrites of the dentate 
gyrus granule celis. A lesion c;tn be created in la^er 2 of entorhinal cortex by stereotaxic injection 
25 of the excitotoxin N -methyl -D ispartaic (NMDAI). Under sodium pentobarbital anesthesia, rats 
received an injection of NMD A (15 nmols/sitc) alcach of 2 sites in the entorhinal cortex. Two 
weeks later, the rats were sacriiiced and perfusedjiwith a 50 mM sodium sulfide solution. The 
brains were removed, sectioned in the horizontal jplane at a thickness of 40 urn, and stained with 
either Cresvl violet or Timm's ;toin. The survival of neurons in layer 2 of entorhinal cortex was 
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assessed in Cresyl violet stained sections, while tae integrity of their axon terminals in the 
molecular layer of the dentate gyrus was measures in alternate sections stained with Timm's stain. 

Injection ofNMDA destroyed 62 ± ill % (s.e.m.) of entorhinal layer 2 and decreased 
the area of the dentate gyrus middle molecular la]w by 19 ± 6% (s.e.m). Daily treatment with 
Compound A (1 mg/kg v s.c), with the first injection given immediately after injection ofNMDA, 
reduced the loss of entorhinal lz.yer 2 neurons to 22 ± 10% (s.e.m.)(p < 0.05, *t' test) nr>H prevented 

v jj 

the decrease in area of the middle molecular layer! (p < 0,05, V test). Thus, Compound A 
protected neurons in the entorhinal cortex from an excitotoxic lesion and maintained the integrity of 
their axon tenriinals in the dentate gyrus. 

These data demonstrate the efficacy of Compound A in protecting glutamatergic 
neurons of the entorhinal cortex. Lesions of entorhinal cortex in animal models have been shown 

to produce memory deficits, anii severe degeneration of these neurons occurs in Alzheimer's 

E . 

disease. This supports the position that Compound A is useful in treating neurological disorders 
that involve loss of or damage to glutamatergic neurons and neurons of the cerebral cortex, 
including but not limiicd lo Alzheimer's disease, Stroke and head trauma. 

Example 6 

Effect of Compound A on Acrylamide- Induced Peripheral Neuropathy 

Acrylamide produces a "dying back" central-peripheral distal neuropathy in humans and 

i 

animals. The lesion is a mixed sensory/motor neuropathy characterized by weakness, tremor and 



ataxia in humans. In animals, icrylamide produces changes in behavior (sensory, motor and 

proprioceptive), bistopathology, electrophysioloriy and weight loss. In the periphery, large 

diameter, long axon, Ab fibers are preferentially {affected by acrylamide. In rats, acrylamide 

administration produces an axonopathy as measilred by increased landing foot spread (LFS), a 

measure of proprioception. k 

Acrylamide-induced neuropathy is a model of chemically induced toxicity. It differs from 

J; ~ 
other chemically-induced models (such as chemdtherapcutic models) in that the duration is 

relatively short (3 weeks) and the animals arc in Srclativcly good health. Acrylamide docs not 

produce gross systemic toxicity. 
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Male Sprague-Dawiey rats weighing 250|grams at the start of the experiment were used. 
Acryiamide (50 mg/kg, IP) was administered three times/week for three weeks. The animals were 
dropped from a height of 30 cn and the distance between the hindfeet was recorded (Edwards, 
P.M. and Parker, V.H. (1977) Ct A simple, sensitive, and objective method for early assessment of 
5 acryiamide neuropathy in rats/ Toxicol Appl Pharmacol, 40:589-591). Compound A (0.1, 0.3 or 
1.0 mg/kg, s.c_ in 5% solutol) was adrninistered once daily for the duration of the experiment. 

AcTylarrude-trcatcd animals had larger distances in the LFS than the vehicle treated 
animals. Compound A (0.3 mg /kg/day) reduced die magnitude of the increase in LFS produced 
by acryiamide (Figure 5). j 
I o These data indicate tha c Compound A is useful for the treatment of peripheral 

neuropathies. 

Example 7 

Failure ofComnound A to Inhibit Protein 1 Kinase C, In Vitro 

15 The protein kinase C assay and the inhibition of protein kinase C by K-252a is disclosed 

in US Patent 4,923,986 and Ka.se, H. ctal., (cds.) Japan Scientific Societies Press, Tokyo, pp 293- 
296, (1988). By means of an essentially similar assay, it was found that K-252a inhibits protein 
kinase C with an 1C 50 of 0.028 fiM while the ici of Compound A is 16.0 pM, i.e., 570 fold less 
active. Compound A has an 3 C 50 of 1 39 nM, asj an inhibitor of the production of TNF-a, and an 

2U IC 50 value of 26 InM as an inhibitor of the production of IL-ip, concentrations at which 
Compound A is inactive as an inhibitor of proteiri kinase C. 

Example 8 

In Vit ro Inhibition of TNI-ct and CL-13 ihroduction by Comp ound A 

: ~~ ~~ i 

25 The ability of Compound A to inhibit the) induction of TNF-ol was demonstrated by use of 

a standard in vitro pharniacolcgical testing procedure as described below. 

Stock solutions consisting of 4 inM Compound W ? in 100% DMSO, were stored at 4°C. Cell 
culture medium RPMI 1640 (Media Tech, Herodon, Va) and fetal bovine serum (Hyclone, Logan, 
TJT) comprised the test medium. Lirxspolysacxharide (LPS) (Sigma, St. Louis, MO) from E. coli 



.21 - 



BNfinnCIO: <WO 9749406A1 t > 



BNS Daae 2: 



WO 97/49406 PCT/US97/10898 



serotype 01 U :B4, extracted wi Ji trichloroacetic acid, was used. Stock solutions of LPS were 
prepared and stored at 4°C in phosphate-buffered saline (PBS), ELISA kits for assaying tumor 
necrosis factor alpha (TNF-a) ;ind IL-ip were purchased from Boehringer-Mannheim, 
(Indianapolis, IN) and were used according to TJhejmanuiaeturer's instructions. THP-1 cells, a 

human monocyte-derived cell line, was obtained from the American Type Culture Collection 

! 

(ATCC TIB 202). Cells were grown in RPMI 1640 containing 10% fetal bovine serum (medium) 

in a humidified atmosphere of f % CO a :95% air at 37°C. Experiments were performed in 24 well 

i 

culture plates (Nunc) with 5 x !0 5 THP-1 cells mil ml of medium. Cells were incubated with LPS 

at 2 ug/ml to induce TNF-a. After a 3-hr incuballion period, the cells and medium were 

i 

centrifuged at 1,000 x g for 5 min, and the resulting supernatant fluid was either assayed 
immediately for TNF-ct or stoned at -70°C and assayed later. Media samples were measured for 
content of TNF-a: and IL-ip b}- Elisa assays. 

To test Compound A for the ability to inhibit the induction of TNF-ct, cells were incubated 



with varying concentrations of Compound A for 



were diluted so that DMSO was never present in the cell culture medium at a concentration higher 



than 0.1%. Compound A was rested and assayed 
a. and IL-lp production. 



1 hr prior to the addition of LPS. Compounds 



as described above for its ability to inhibit TNF- 



Example 9 

Inhibition of LPS-Induced TNF-a and EL41B in the Serum of Mice. 

Sixty female C57BL mice. (4-6 weeks oJcj) were divided into six groups, each with 10 
animals. Three groups (1,3,5) received vehicle oily (PBS containing 0.1% TEA (tetraethyl 
ammonium hydrochloride)), 200 ul/mousc via intraperitoneal (ip) adnunistration. The other three 
groups (2,4,6) received Compound A (30 mg/kg in 200 ul, ip) of vehicle (PBS containing 10% of 



Two hours later, the animals received by ip 
0.5 mg/kg of LPS (groups 3 & 4), and 1.0 



the ethyl ester of 12-hydroxy stearic acid; solutol) 
administration, 0.1 mg/kg of L PS (groups 1 & 2) 
mg/kg of LPS (groups 5 & 6). Two hours after LPS administration, all of the animals were 
sacrificed, and plasma samples were obtained anl assayed for their TNF-a and TL- 1 {3 content 
Assays were carried out as described in Example} 8. 
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10 



Data arc summarized in Table 4. The nuunhbers in ( ) are the group numbers as described 
above. N indicates the number of animals from wpich plasma measurements were made. 
ND = not done. 

Table 4 



LPS dose 


TNFkx 


(pg/ml) 




IL-ip (pg/ml) 


mg/mouse f ip 


Vehicle 


CMP A 




Vehicle 


Cmp A 


0.1 


(D 


(2) 




NO 


ND 




6129±67E 


2714*449* 










N=10 


N=10 j 






0.5 


(3) 


w . j 


ND 


ND 




7141±1113 


3766±375* 










N=7 








1.0 


(6) 


(6) 




(5) 


(6) 




3745±610 


23894:1399 




300±87 


S9±19- 




N=8 


N=9 




N=8 


N=8 



• Indicates statistical difference from vehicle-treated control (rxo.OS). 

As shown in Table 4, LPS adrninistratior to the mice caused the production by those mice 
of TNF-ct, and the amount of TNF-cc produced was markedly inhibited by a two hour pre treatment 



with Compound A. Pretreatment with Compound 



lp> produced in response to the administration of £l .0 mg/kg of LPS 



A also markedly inhibited the production of IL- 



Example 10 

Prevention of L.FS-Inducecl Death in Mice 

15 Forty mice were divided into three groups*, two groups consisting of ten mice and one 

group of twenty mice. Administrations of vehicle^ LPS, and Compound A were intraperitoneal. 
Group I (n=10) mice received vehicle (phosphate Ibufibred saline for LPS 7 200 ^l/mouse) at time 
zero and vehicle for Compound A (200 ul/mouse) 2 hours later. Group 2 (n=10) mice received the 
vehicle for Compound A at zero time (200 ul/moiisc) and LPS (2mg in 200 u.l/mousc) two hours 
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biter. Group 3 (n=20) received Compound A (30 mg/kg in 200 p.1 of vehicle) at time zero and LPS 
(2mg in 200 pi/mouse) two hours later. j 

The administration of LPS caused 90% mortality within 20 hours and 100% mortality by 
42 hours after administration. Jn the group of animals which received Compound A two hours 
prior to receiving LPS, there was 25% mortality it 20 hours after LPS administration, 75% 

mortality at 42 hours after LPS . and 80% mortality one week after LPS administration. Vehicle 

i . 

treatments were well tolerated and caused no deaths. 

" i 

Those skilled in the art will appreciate that numerous changes and modificatins may be 

made to the preferred embodiments of the invention and that such chamges and modificatins may 

• i 

be made without departing from the spirit of the invention. It is therefore intended that the 
appended claims cover all equhalent variations asl fall within the true spirit and scope of the 
invention. Documents cited throughout this pateni disclosure are hereby incorporated herein by 
reference. 
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CLAIMS 

What is claimed is: 

5 1 . A method for inhibiting overproduction of tumor necrosis factor aJpha in a 

mammal comprising the step of administering toj a 1 mammal in need thereof a therapeutically 
effective amount of Compound A, said Compoahd A represented by the formula: 



H 




2. A method for ameliorating the deleterious effects of overproduction of tumor 

necrosis factor alpha in a mamr.iai comprising t^e step of administering to a mammal in need 
thereof a therapeutically effective amount of Compound A, said Compound A represented by the 
formula: 

H 
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3. A method for inhibiting overproduction of interieukin-1 beta in a mammal 
comprising the step of administering to a mammal in need thereof a therapeutically effective 
amount of Compound A, said C ompound A represented by the formula: 



CHbCr^SCHz 




4. A method for ;imeliorating the deleterious effects of overproduction of 

interleukin-1 beta in a mammal comprising the Jtcp of administering to a mammal in need thereof a 
therapeutically effective amoun : of Compound /[, said Compound A represented by the formula: 



10 



CHgO-tSCHz 




5. The method of claim 2 wherein paid deleterious effects are selected from the group 

comprising septic shock, rheumatoid arthritis, osteoarthritis, asthma, bronchitis, chronic 



15 obstructive airway disease, psonasis, allergic rhinitis, dermatitis, and inflammatory bowel disease 



6. 



The method of claim 2 wherein (said deleterious effect is an autoimmune disease. 
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7. A method for ameliorating a peripheral neuropathy in a mammai comprising the 
step of administering to a mammal in need thereof a therapeutically effective amount of Compound 



A, said Compound A represent^ by the formul^.: 



ch^a^scHz 




The method of claim 7 wherein said peripheral neuropathy is caused by a toxic 



agent. 



10 9. The method of claim 8 wherein feaid toxic agent is selected from the group 

comprising neoplastic agents, a.cohoi. metals, industrial toxins, antibiotics, food contamincnts and 
medicinal contaminents . - . 



15 



10. The method of claim 7 wherein ^aid peripheral neuropathy is associated with a 
systemic disease. 



1 1 . The method of claim 7 wherein fsaid peripheral neuropathy is associated with a 
genetically acquired neuropathy . 



20 12. A method for ameliorating the deleterious effects of Alzheimer's disease on 

neurons selected from the groufi consisting of GABA-crgic neurons and glutamatergic neurons 
comprising the step of administ ering to a mammkl in need thereof a therapeutically effective 
amount of Compound A_ said Compound A represented by the formula: 
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ChbCHaSCH; 




-O^SCHzChb 



13. A method for :imciiorating the ^dctcriouseflfects of Parkinson's disease on 
dopaminergic neurons comprising the step of atftninistering to a mammal in need thereof a 
therapeutically effective amount of Compound A, said Compound A represented by the formula: 



CH3CH2SCH2 
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